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(54) Cold cathode emitter element 

(57) A cold cathode emitter with planar, Fig. 7, or vertical, Figs 3 and 11, elements has an emitter portion 3, 12a, 22 formed 
of a semiconducting diamond particle or film which has a high thermal resistance and a high breakdown voltage. In Fig. 3, 
semiconducting diamond film 5 is formed on low resistance silicon substrate 1 and the semiconducting diamond emitter 3 is 
formed in an aperture in SiO a insulating film 2 having tungsten electrode 4 thereon. The vertical vacuum triode of Fig. 1 1 
has semiconducting diamond film 22 on silicon substrate 21 with gate electrode 29 and drain electrode 25. In the planar 
device of Rg. 7 comb-shaped semiconducting diamond emitter film 12a, having source electrode 13, is spaced from 
strip-like gate electrode 15 and drain electrode 14. Preferably emission occurs from the (111) crystalline face of the 
diamond emitter, which may be formed by deposition on a Si substrate by vapour phase synthesis and may be doped with 
boron. 
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COLD CATHODE EMITTER ELEMENT 

BACKGROUND OP THE INVENTION 
Field of the Invention 

The present invention relates to cold cathode 
emitter elements applicable for .vacuum elements 
utilizing vacuum microelectronics such as rectifier 
elements , amplifier elements and display elements. 
Description of the Related Art 

Techniques of fabricating micro-vacuum elements in 
micron-sizes have been researched and developed using 
microfabrication techniques employed in the fabrication 
of semiconductor transistors and the like. This is 
disclosed in Oyo-Butsuri (Applied Physics)/ Vol. 59 , No. 
2, 1990 (Junji Ito, "Vacuum Microelectronics") . 

Figure 12 is a cross-sectional view of a typical 
vacuum triode element as one of the above vacuum 
elements. In the figure, an insulating film 33 with a 
pinhole is selectively deposited on a silicon substrate 
31. A conical emitter 32 is formed inside the pinhole. 
A gate electrode 34 is deposited on the insulating film 
33 around the pinhole, and an anode electrode 35 is 
deposited outside the gate electrode 34. 
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The above vacuum triode element is placed in 
vacuum, and then the emitter 32 , the gate electrode 34 
and the anode 35 are applied with the specified 
voltages , respectively. Consequently/ electrons are 
emitted from the tip of the emitter 32 into vacuum, 
travelling along the trajectory shown as the arrow in 
Fig. 12 , and reach the anode 35. In this vacuum triode 
element, since electrons move in vacuum, the electron 
velocities can be approximately 1000 times faster than 
electrons in solid (for example, in semiconductor 
transistors or the like). Therefore, in the rectifier 
elements, transistors and the like using the cold 
cathode emitter, ultra-high operation is possible. 
Also, an optical display can be made by disposing 
electron emitters oppositely to a fluorescent screen. 

Figures 13a, 13b and 13c are cross-sectional views 
showing a method for fabricating the cold cathode 
emitter element of Mo in the order of the processes. As 
shown in Fig. 13a, an insulating film 33 (for example, a 
Si02 film) , a Mo film 36 and an Al film 37 are 
sequentially deposited on a substrate 31, and a pinhole 
extending from the surface of the Al film 37 to the 
surface of the substrate 31 is formed. Then, Mo is 
vacuum-evaporated on the whole surface as shown. in Fig. 
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13b, Mo is deposited both in a cone-shape on the 
silicon substrate 31 inside the pinhole and on the Al 
film 37 so as to close the pinhole. Namely, with the 
increase in the thickness of the Mo film 38 deposited on 
the Al film 37/ the diameter of the pinhole is decreased 
and finally the pinhole is closed. As a result, a 
conical emitter 32 made of Mo is formed on the substrate 
31 inside the pinhole. The Mo film 38 and the Al film 
37 are subsequently removed, as shown in Pig. 13c. Thus 
the cold cathode emitter element of Mo is obtained. 

Figures 14a, 14b and 14c are cross-sectional views 
showing another method for fabricating the cold cathode 
emitter element of Si in the order of the processes. As 
shown in Pig. 14a, a mask 39 made of such a material as 
Si02 or SiN is selectively formed on the (100) face of a 
silicon substrate 31. Subsequently, as shown in Fig. 
14b, anisotropic etching is carried out on the silicon 
substrate 31 using an etchant (a mixed solution of KOH, 
isopropylalcohol (IPA) and H2O) . Consequently, an 
emitter 32 made of Si is formed under the mask 39. As 
shown in Pig. 14c, after the mask 39 is removed, an 
insulating film 33 is formed around the emitter 32, and 
a leading electrode 40 is formed on the insulating film 
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33. Thus, the cold cathode emitter element of Si can be 
made. 

Figure 15 is a cross-sectional view of a 
conventional vertical vacuum triode element with an open 
cavity using a field emission emitter. In the emitter 
element shown in Fig. 12, the gate electrode 34 and the 
anode 35 are disposed around the emitter 32 in a two- 
dimensional fashion. By contrast, in the vertical 
vacuum triode element shown in Fig. 15, the gate 
electrode 34 and the anode 35 are disposed in a three- 
dimensional fashion through the insulating film 33. 

Figures 16a to 16e are cross-sectional views 
showing a method for fabricating the vertical vacuum 
triode element shown in Fig. 15 in the order of the 
processes. As shown in Fig. 16a, an insulating film 33 
(for example, a SiN film) is formed on the (100) face of 
a silicon substrate 31 to a thickness of, for example, 
4^m. A photoresist film 41 is selectively formed on the 
insulating film 33, and then the insulating film 33 is 
partially removed using the photoresist film 41 as a 
mask (see Fig. 16b). Subsequently, anisotropic etching 
is carried out on the silicon substrate 31 using the 
insulating film 33 as a mask (see Fig. 16c). Thus, a 
conical emitter 32 can be obtained. An insulating film 
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42 (for example/ a Si02 film) is then formed on the 
whole surface , and further an electrode film 43 , an 
insulating film 44 (for example , a Si02 film) and an 
electrode film 45 are sequentially formed (see Pig. 
16d) . In Fig. 16e, the insulating film 42, the 
insulating film 33, the electrode film 43 , the 
insulating film 44 and the electrode film 45 formed on 
the emitter 32 are selectively removed. Thus, the 
vertical triode element can be obtained. 

However, as mentioned above, in the conventional 
cold cathode emitter elements, silicon, tungsten, or 
molybdenum is generally used as a material constituting 
the emitter. As a result, during the operation of the 
emitter element, the curvature- of the tip of the emitter 
becomes larger, or the surface thereof is oxidized due 
to the heat generated, which causes rapid deterioration 
of the electron emission characteristics. Therefore, 
the conventional emitter elements cannot provide the 
longer life and the resistance against a high electric 
power .operation, and therefore, is difficult for 
practical use. 

SUMMARY OP THE INVENTION 



- 6 - 



An object of the present invention is to provide 
cold cathode emitter elements capable of suppressing the 
deterioration of electron emission characteristics and 
of being operated with a high electric power. 

In a preferred mode of the present invention, there 
is provided a cold cathode emitter element comprising an 
emitter portion for electron emission from the surface 
thereof into vacuum, wherein the emitter portion is made 
of a semiconducting diamond. 

BRIEF DESCRIPTION OP THE DRAWINGS 

These and other objects of the present invention 
will be seen by reference to the description taken in 
connection with the accompanying drawings, in which: 

Figure 1 is a cross-sectional view of a typical 
cold cathode emitter element according to a first 
example of the present invention; 

Figure 2 is a cross-sectional view of a typical 
cold cathode emitter element according to a second 
example of the present invention; 

Figure 3 is a cross-sectional view of a typical 
cold cathode emitter element according to a third 
example of the present invention; 
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Figure 4 is a cross-sectional view of a typical cold 
cathode emitter element according to a fourth example of 
the present invention; 

Figure 5 is a cross-sectional view of a typical 
vertical vacuum triode element according to a fifth 
example of the present invention; 

Figure 6a is a plan view of a planar vacuum triode 
element according to a sixth example of the present 
invention, and Figure 6b is a cross-sectional view of 
Figure 6a; 

Figure 1 is a plan view of a planar vacuum triode 
element according to a seventh example of the present 
invention; 

Figure 8 is a plan view of a vacuum triode element 
according to an eighth example of the present invention; 

Figures 9a, b, c and d are cross-sectional views 
showing a method for fabricating a cold cathode emitter 
element according to a ninth example of the present 
invention in the order of the processes; 

Figure 10 is a cross-sectional view of a cold cathode 
emitter element according to a tenth example of the 
present invention; 
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Figure 11 is a cross-sectional view of a typical 
vacuum triode element according to an eleventh example of 
the present invention; 

Figure 12 is a cross-sectional view of a conventional 
vacuum triode element; 

Figures 13a, 13b and 13c are cross-sectional views 
showing a method of fabricating the cold cathode emitter 
element shown in Fig. 12 in the order of the processes; 

Figures 14a, 14b and 14c are cross-sectional views 
showing another method of fabricating the cold cathode 
emitter element shown in Fig, 12 in the order of the 
processes; 

Figure 15 is a cross-sectional view showing a 
conventional vertical vacuum triode element with an open 
cavity using a field emission emitter; 

Figures 16a to 16e are cross-sectional views showing 
a method of fabricating the vertical vacuum triode element 
shown in Fig, 15, 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Prior to the description of the preferred embodiments 
of the present invention, the function of the present 
invention will be explained. 
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In general, diamond has a high temperature 
resistance and a high breakdown voltage. Accordingly, 
cold cathode emitter elements of the present, invention 
having an emitter portion made of a semiconducting 
diamond has the following advantages: first, the shape 
of the tip of the emitter portion is less liable to be 
changed, thereby lengthening the service life and 
suppressing the deterioration of the electron emission 
characteristics; second, a high voltage can be applied 
to the emitter portion, thereby enabling the operation 
with a large current. Further, diamond has such a 
preferable characteristic that, in the (111) crystalline 
face thereof, the vacuum level lies below the conduction 
band, so that electrons once excited to the conduction 
band can be released in vacuum. Such a characteristic 
is found only in diamond. Therefore, diamond is a 
highly preferable material for constituting the emitter 
portion. 

Incidentally, diamond can be deposited on a 
substrate by vapor phase synthesis, and has the 
following advantage as compared with silicon: the 
structure of silicon surface is modified at temperatures 
higher than 200°C and is thus deteriorated; In contrast, 
the structure of diamond surface is not modified at 
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least below 600°C. Accordingly, since diamond can be 
grown on silicon/ the emitter portion of silicon in 
conventional cold cathode emitter elements can be coated 
with, for example, a semiconducting diamond film to 
improve the thermal resistance of conventional cold 
cathode emitter elements. Further, by the use of an 
insulating diamond film in place of a Si02 film, it is 
possible to further improve the thermal resistance and 
the high frequency characteristic of conventional cold 
cathode emitter elements. 

Preferred embodiments of the present invention will 
be described hereinafter. 

[Example 1] 

Figure 1 is a cross-sectional view of a typical 
cold cathode emitter element according to this example 
of the present invention. In the figure, a Si02 film 2a 
selectively formed with a pinhole is formed on a low 
resistance silicon substrate 1, and an emitter 3 made of 
a semiconducting diamond particle is formed on the 
substrate inside the pinhole. A leading electrode 4 
made of tungsten (W) is formed on the Si02 film 2a. 

In this example, the emitter 3 is made of the 
semiconducting diamond, and thus has a high thermal 
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resistance. Accordingly, it is possible to suppress the 
deterioration of the curvature of the tip of the emitter 
3 during the operation of the element/ and hence to 
avoid the deterioration of the electron emission 
characteristics. Also, since diamond has a higher 
breakdown voltage than Si and other materials, the 
emitter element of the present invention can be operated • 
with a higher electric power than the conventional one. 

The above emitter element was fabricated in the 
following procedure: Semiconducting diamond particles 
doped with boron (B) were selectively grown on a silicon 
substrate 1/ to thus form an emitter 3. A Si02 film 2a 
was then formed on the substrate 1 other than the, 
emitter formation area using a photolithography 
technique. Subsequently f a tungsten thin film as a 
leading electrode 4 was formed on the Si02 film 2a 
around the emitter 3. 

In the emitter element thus fabricated, the 
diameter of the cavity was 8jum, the depth was 3//m, and 
the diameter of the emitter 3 was approximately A 
negative voltage of 300V was applied to an array of the 
emitter 3 through the substrate 1 in vacuum, as a result 
of which a current of 2mA was observed. 
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[Example 2] 

Figure 2 is a cross-sectional view of a typical 
cold cathode emitter element in this example of the 
present invention. This example is substantially 
similar to Example 1, except that an insulating diamond 
film 2b is formed in place of the Si02 film. 
Accordingly/ in Fig. 2, parts corresponding to those 
"previously described in Fig. 1 are indicated at the same 
numerals and the explanation thereof is omitted. 

In this example, an insulating diamond film 2b is 
formed so as to electrically insulate the emitter 3 from 
a leading electrode 4. Consequently , this example is 
effective to enhance the thermal resistance and to 
improve the high-frequency characteristics as compared 
with Example 1. 

The above emitter element was actually fabricated, 
in which the diameter of the cavity was* approximately 
Bjm, the depth was approximately 3/m, and the diameter 
of the emitter 3 was approximately l/*m. A negative 
voltage of 300V was applied to an array of the emitter 3 
through the substrate 1 in vacuum/ as a result of which 
a current of approximately 2mA was observed. 
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Figure 3 is a cross-sectional view of a typical 
cold cathode emitter element in this example of the 
present invention. In this example , a semiconducting 
diamond film 5 is formed on a low resistance silicon 
substrate 1. ' An insulating film 2 selectively provided 
with a pinhole is formed on the semiconducting diamond 
film 5, and an emitter 3 made of a semiconducting 
diamond is formed on the substrate 1 inside the above 
pinhole, -The insulating film 2 may be made of , for 
example f a Si02 film or an insulating diamond film. 
Also, a leading electrode 4 made of tungsten is formed 
on the insulating film 2. 

As mentioned above, the surface of silicon is 
significantly modified at temperatures higher than 
200°C; however, the surface structure of diamond is 
unchanged at least up to 600°C. Accordingly, this 
example is effective to enhance the thermal resistance 
as compared with Example 1. 

The above emitter element was actually fabricated, 
in which the diameter of the cavity was 8/an, the depth 
was and the diameter of the emitter was 

approximately l//m. A negative voltage of 300V was 
applied to the emitter 3 through the substrate, as a 
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result of which a current of approximately 2mA was 
observed, 

[Example 4] 

Figure 4 is a cross-sectional view of a typical 
cold cathode emitter element in this example of the 
present invention. In this example f a substrate 1 is 
made of an insulating material having a high thermal 
resistance such as Si02 or SiN 4 . A* semiconducting 
diamond film 5 is formed on the substrate 1. An 
insulating film 2 with a pinhole is formed on the 
semiconducting diamond film 5. The insulating film 2 
may be made of f for example, a Si02 film or an 
insulating diamond film. A metal film as a leading 
electrode 4 is formed on the insulating film 2. Also, 
an electrode 6 is formed on the semiconducting diamond 
film 5. • - 

Since the substrate 1 is made of a material having 
a high thermal resistance, this example is effective to 
further enhance the thermal resistance as compared with 
Example 3. 

[Example 5] 



- 15 - 



Figure 5 is a cross-sectional view of a typical 
vertical vacuum triode element according to this example 
of the present invention. In this example , an 
insulating film 7 with a specified pinhole is formed on 
a low resistance silicon substrate 1. An emitter 3 made 
of a semiconducting diamond is formed. on the substrate 1 
inside the pinhole. Also, a gate electrode 8 is formed 
on the insulating film 7, and an insulating film 9 is 
formed on the gate electrode 8. Further, a drain 
electrode 10 is formed on the insulating film 9. 

Since the emitter 3 is made of a semiconducting 
diamond, this example is effective to suppress the 
deterioration of the electron emission characteristics, 
to lengthen the service life, and to enable the 
operation with a high electric power, as compared with 
the conventional one shown in Fig. 15. 

Furthermore, similarly to Examples 3 and 4, the 
thermal resistance of the cold cathode emitter element 
can be improved by forming a semiconducting diamond film 
on the substrate, and then forming an emitter and an 
insulating film and the like on the semiconducting 
diamond. Also, by the use of insulating diamonds as the 
insulating films 7 and 9, the thermal resistance can be 
further improved. 
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[Example 6] 

Figure 6a is a plan view of a planar vacuum triode 
element according to this example of the present 
invention , and Figure 6b is a cross-sectional view of 
Fig. 6a. In this example, a strip-like gate electrode 
15 is formed on an insulating substrate 1/ and a diamond 
film 11 (insulating) and a drain electrode 14 are 
disposed in such a manner as to put the gate electrode 
15 therebetween. Also, a semiconducting diamond film 12 
as an emitter is formed on the diamond film 11, and a 
source electrode 13 is formed on the semiconducting film 
12. 

In this example, when the specified voltages are 
applied to the source electrode 13, the gate electrode 
15 and the drain electrode 14, electrons are emitted 
from the semiconducting diamond film 12 in the direction 
along the substrate surface. The same effect as in 
Example 6 can be obtained in this example. 

[Example 7] 

Figure 7 is a plan view of a planar cacuum triode 
element according to this example of the present 
invention. This example is substantially similar to 



Example 6, except that a semiconducting diamond film 12a 
is formed into a comb-shape as seen from the top. 
Accordingly/ in Pig, 7, parts corresponding to those 
previously described in Pig. 6 are indicated at the same 
numerals and the explanation thereof is omitted. 

Since the semiconducting diamond film (emitter) 12a 
is formed into a comb-shape as seen from the top thereby 
concentrating the electric field at the leading edge 
thereof^ this example is effective to facilitate the 
emission of electrons from the emitter and to enhance 
the field emission characteristic, as compared with 
Example 6. 

[Example 8] 

Figure 8 is a plan view of a vacuum triode element 
according to this example of the present invention. In 
this example^ a circular semiconducting diamond frilm 12b 
as an emitter is formed in a specified area of an 
insulating substrate 1. A source electrode 13a is 
formed on the semiconducting diamond film 12b. A gate 
electrode 15a is disposed around the semiconducting 
diamond film 12b, and a drain electrode 14a is provided 
around the gate electrode 15a. The same effect as in 
Example 6 can be obtained in this example. 
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[Example 9] 

Figures 9a to 9d are cross-sectional views showing 
a method for fabricating a cold cathode emitter element 
according to this example of the present invention in 
the order of the processes. The cold cathode emitter 
element of the present invention was fabricated in the 
following procedure: 

A semiconducting diamond film 22 was deposited on a 
low resistance silicon substrate 21 by vapor phase 
synthesis (see Fig. 9a). 

An insulating film 23 (for example, a Si02 film) 
was formed uniformly to a thickness of approximately 
2/m, and a metal electrode (anode) 25 was then deposited 
on the insulating film 23 (see Fig. 9b). 

A photoresist film 26 was formed, and then a 
pinhole 27 in a circular or rectangular shape having a 
diameter or one side of approximately 1.5/^m was formed 
on the resist film 26. After that/ a metal electrode 25 
and an insulating film 23 were selectively etched 
through the pinhole 27 (see Fig. 9c). 

A photoresist 26 as a mask was removed, to thus 
obtain a cold cathode element (see Fig. 9d) . In 
addition, since the surface of the polycrystalline 



- 19 - 



synthetic diamond film 22 is rough as shown in the 
figures , this example eliminates the necessity of 
forming the diamond emitter portion by selective etching 
as shown in Examples 1 to 5. 

In the emitter element thus obtained/ a negative 
voltage of 30V was applied across the silicon substrate 
21 and the anode in vacuum, as a result of which a 
current of approximately 2mA was observed, 

[Example 10] 

Figure 10 is a cross-sectional view of a cold 
cathode emitter element according to this example of the 
present invention. In this example, a substrate 21 is 
made of an insulating material having a high thermal 
resistance such as Si02 or Si304. A semiconducting 
diamond film 22 is formed on the substrate 21. An 
insulating film 23 selectively provided with a pinhole 
28 is formed on the semiconducting diamond film 22. A 
leading electrode 25 made of a metal film is formed on 
the insulating film 23. Further , on a portion of the 
semiconducting film 22 where the insulating film 23 is 
not formed, an electrode 24 is selectively formed so as 
to be brought in electric-contact therewith. 
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In this example , when a voltage is applied across 
the leading electrode 25 and the electrode 24 in vacuum 
such that the electrode 24 becomes negative, electrons 
are moved in vacuum between the diamond film 22 and the 
leading electrode 25 inside the pinhole 28 , thus 
performing the specified operation of the cold cathode 
emitter element. 

[Example 11] 

Figure 11 is a typical cross-sectional view of a 
vertical vacuum triode element according to this example 
of the present invention. In this example, a 
semiconducting diamond film 22 is formed on a low 
resistance silicon substrate 21, and an insulating film 
23a having a pinhole is formed thereon. A gate 
electrode 29 is formed on the insulating film 23a, and 
an insulating film 23b is formed on the gate electrode 
29 • Further, a drain electrode 25 is deposited on the 
insulating film 23b. 

Since the emitter is made of diamond, this example 
is effective to suppress the deterioration of the 
electron emission characteristics, to lengthen the 
service life, and to enable the operation with a high 
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electric power, as compared with the conventional one 
shown in Fig. 15. 

In addition, similarly to Example 10, for further 
enhancing the thermal resistance, the vertical vacuum 
triode element may be fabricated by forming a 
semiconducting diamond film on an insulating substrate 
such as Si02 or Si3N4, and then selectively forming a 
metal electrode (cathode) on the semiconducting diamond 
film. 

As mentioned above, according to the present 
invention, the emitter portion is made of the 
semiconducting diamond, and is thus excellent in the 
thermal resistance and the breakdown voltage. 
Accordingly/ the cold cathode emitter element of the 
present invention is effective to suppress the change in 
the shape of .the emitter, to suppress the deterioration 
of the electron emission characteristics, and* to enable 
the operation with "a large current. Therefore, the 
present invention is highly useful in improvement of 
vacuum microelectronics. 
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CLAIMS :- 

1. A cold cathode emitter element comprising an 
emitter portion for emitting electrons from the surface 
thereof into vacuum, wherein said emitter portion is made 
of a semiconducting diamond particle or film, 

2. A cold cathode emitter In the form of a vertical 
vacuum triode wherein the emitter portion comprises a 
semiconducting diamond particle or film. 

3. An emitter as claimed in claim 1 or 2 wherein 
the diamond particle or film is deposited on an insulating 
substrate , 

4. An emitter as claimed in claim 3 wherein the 
insulating substrate is silicon dioxide or silicon 
nitride. 

5. A cold cathode emitter element substantially as 
described with reference to Figures 1 to 11 of the 
accompanying drawings. 
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